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During the past two decades an increasing number of publications have reported laser
induced birefringence data for pure liquids. To date there has been no comparative collec
tion of values from these experiments. This paper lists the published values together with 
hitherto unpublished data of the authors of the optically induced Kerr constant Bo. The 
normalized parameter BreI for data compared with benzene under stated wavelength con
ditions of the light used for the measurements is also given. 
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1. Introduction 
When an electric field is applied to an isotropic medium 

it induces changes in the refractive index of the medium. 
This is the "Kerr effect." With the advent of high-power 
l::.sers, a new series of experiments has evolved in which the 

electric vector in the laser beam is of sufficient amplitude to 
induce the refractive index changes. The vectorial nature of 
the field results in the directional changes in the active medi
um which are detected in terms of the induced optical bire
fringence (ban). This optically induced Kerr effect (OKE) 
was predicted by Buckingham,1 and was first observed for 
liquids by Mayer and Gires2 in 1964, and by Wong and Shen3 

( 1973) for liquid crystals. This review is concerned only 
with pure liquids. 

During the past few years a number of experiments 
have been carried out to determine the Optical Kerr con-
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stants of various pure liquids.4-18 In addition, work has been 
published on molecular solutions, 19,20 colloidal and macro
molecular suspensions,21,22 liquid crystals,23,24 and sol
ids. 10,25 Three methods have been used to quantify the effect. 
These are (a) measurement of the linearly induced birefrin
gence (this is the original Kerr effect); (b) measurement of 
the changes in the ellipticity of incident, elliptically polar
ized light; ~nd (c) detection of refractive index changes via 
interferometric methods. With fluid media, the phenome
non is associated with field-induced molecular reorienta
tion.26 By far the majority of experiments have been based on 
birefringence measurements. 

As the phenomenon relates directly to the third-order 
nnnl1near ~m:cept1hl11ty of an active medium, and because of 

the potential of methods for the basis of fast, optically acti
vated switching and modulation mechanisms, there is a 
growing interest in the effect. To date, however, there is no 
comparative collation of the reported data for the pure li
quids studied. This review seeks to redress this imbalance 
and to provide a compendium of related magnitudes for the 
liquids. Restriction is made to birefringence data induced by 
nanosecond laser pulses. 

157 

2. Background Theory 
When an intense monochromatic laser beam of wave

length A. i traverses an isotropic medium, it induces a nonlin
ear polarization (P) of the form?7 

(1) 
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where w is the inducing beam frequency, xij~~ is the third
order nonlinear susceptibility tensor of the medium and E is 
the electric vector amplitude. For an isotropic pure liquid, 
the only independent nonzero components28 of the tensor 

xij~~ are xH12' Xg~2' and xgll , whilst 

X~nl = X~~i2 + Xg~2 + xgil' (2) 
The significance of this equation has been given by Shen.27 

The Optical Kerr effect is usually studied by measuring 
the linear birefringence induced by the laser beam in the 
active medium. This is accomplished by sending a second 
low-intensity probe laser beam of wavelength Ap colinear to 
the inducing beam through the medium. The inducing and 
probe beams are both linearly polarized and adjusted so that 
the probe beam polarization azimuth is set at 45° to that of 
the inducing beam. Since the inducing laser produces a dif
ference in refractive index within the liquid for light polar
ized parallel and perpendicular to the polarization azimuth 
of the inducing beam, this has the effect of changing the 
relative phase of the two components of the probe beam lin
early resolved along these same directions. Hence the probe 
beam becomes elliptically polarized. and the induced bire
fringence an can be measured. Reference 29 reviews the op
tical arrangements used to date and Ref. 30 describes bire
fringence detection procedures. 

By considering the polarization states of the inducing 
and probe beams it can be shown thaf7 

an(w) = (21T/n)(xg~2 + xgll )IE(w)1 2
• (3) 

Conventionally, for pure liquids the Kerr constant B has 
been measured where 

(4) 

In this work, the zero subscript indicates the laser-induced 
effect. Hence, 

(5) 

From this equation it is seen that measurements of an, and 
hence Bo, at the high frequencies of an optical beam cannot 
be transposed into i 3

) data unless the interrelation between 
Xi212 and Xi221 is known. The corollary is also true in that 
specific cumpunents uf X(3) must be measun:u (ur iuft:lTt:u 
from molecular structure) if Bo is to be enumerated from i 3) 

data. Since the majority of experiments on pure liquids have 
involved the direct measurement of the laser-induced bire
fringence, it is these results that are summarized here. 

In almost all OKE experiments the inducing beam has 
been a "Q" -switched pulse from a solid-state laser. The only 
exception for pure liquids has been the recent workofBuck
ingham and Williams 16 who used a weakly focused argon
ion laser. One of the major difficulties in OKE experiments 
has been the calculation of the electric field in the inducing 
laser pulse. Many different formulas have been 
used,13,17,18,21 some of which have taken absorption ef-
fects 13,18 into account. To overcome this problem it has be
come a common practice to report data relative to values of 
Bo measured for benzene or carbon disulphide. 

This paper presents a collation of all reported values of 
Optical Kerr constants for pure liquids. The authors' origi-
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nal values of Bo are given. As the majority of studies have 
included measurements on benzene, we have calculated val
ues of BreI' the Kerr constants for each liquid relative to the 
same authors' value for benzene. The authors' own estimates 
of uncertainty have been indicated in Table 1 as b..Brel • In 
Table 1 all Kerr constants are given in S. I. units. To convert 
to e.s.u. units, one must multiply the tabulated values by 
8.988X 106

• 

3. Discussion 
From Table 1, it is apparent that, for certain liquids, the 

values of Bo reported by different authors show a wide vari
ance that is in excess of their stipulated experimental errors. 
It is noteworthy, however, that this disparity between the 
n:portcd results i~ generally significantly reduced when data 
are compared for Brei' provided that the authors' own origi
nal values for benzene are used. Hence, the somewhat low 
absolute values of Ref. 14 or high values of Ref. 11 give rise to 
typical data for the Optical Kerr constants when normalized 
to benzene. Only in the case of Gires9 is this not true. His 
consistently high values for Brei may reflect his low value of 
Bo for benzene which might have been related to sample 
impurity. The concord in Brei values is comforting in that it 
demonstrates comparative consistency between sets of data. 
It does indicate a significant difference of approach by the 
various experiments in their analytical procedures for trans
posing experimental data into absolute values of Bo. 

A variety of reasons can contribute to this uncertainty, 
as has been briefly discussed elsewhere.29 Both experimental 
and theoretical factors are of relevance here. Expenmental
ly, there was a failure in early measurements to use strictly 
monomodal lasers for the inducing beam. As was pointed 
out by Jennings and Coles,21 only this configuration has a 
unidirectional E vector in the beam. Other configurations 
may result in overestimation of the effective E with conse~ 
quential reflection in the calculated values of Bo. A further 
experimental complication arises from a failure to take ac
count of the spatial intensity profile of the laser beams. This 
was pointed out by Pouligny et al.:; I In a laser beam the field 
E is not uniform in space. The unmatched diameters of the 
probe and inducing beams used by Coles and Jennings may 
accuunt for their low values of Do for various liquids report
ed in Ref. 14. Complications in the estimation ofE also arise 
from the use of different theoretical expressions for this pa
rameter as mentioned in the Introduction. The various ex
perimental optical configurations, with different mode 
structures, beam profiles, and the use of focused or parallel 
optical beams are all matched with different theoretical ex
pressions for the estimation of E. In a number of cases, no 
relevant equation is given, and discrepancies in absolute val
ues for Bo result. 

In the present authors' view, this uncertainty in mea
surement of the laser field E is the most significant hindrance 
to establishing reliable absolute values of the Optical Kerr 
constant. Until experimental consistency evolves, the use of 
Brei values is recommended for interlaboratory compari
sons. 

Such a recommendation focuses on the need for a 
"best" value for the Optical Kerr constant for benzene. 



LASER-INDUCED KERR CONSTANTS fOR PURE LIQUIDS 159 

TABLE 1. Optical Kerr constants for pure liquids. (ABrel values are the authors' quoted uncertainties in Brei' ) 

BoX 10- 14 ABrel Ai Ap 
Pure liquid BreI V- 2m (%) (nm) (nm) Reference 

Acetic acid 0.327 0.147 694 488 11 
0.422 0.217 1064 442 18 
0.418 0.331 532 442 18 

Acetone 0.18 0.081 694 488 11 

Acetophenone 1.68 >8 1060 633 17 

Anethole 9.83 6.9 694 488 7 

Anisole 1.44 1.01 694 488 7 

Benzene 0.7015 5 694 488 4 
0.577 20 694 488 6 
0.445 694 488 9 
0.45 694 488 11 
0.78 694 500 2 
0.1 30 1064 488 14 
0.514 5 1064 442 18 
0.791 5 532 442 18 

Benzoyl chloride 4.7 3.67 694 500 2 
3.0 0.3 20 1064 488 14 
3.94 2.03 5 1064 442 18 

p-BJuJUui1ubu!t: 3.72 2.61 :5 694 488 7 

0-Bromoanisole 1.93 1.35 5 694 488 7 

Bromobenzene 1.97 30 1060 633 15 
2.03 ;>8 1060 633 17 

Bromonaphthalene 2.60 >8 1060 633 17 

m-Bromotoluene 2.33 1.34 20 694 488 6 

Butyric acid 0.357 0.184 1064 442 18 
0.384 0.304 10 532 442 18 

Carbon 6.01 3.47 10 694 488 5 
disulphide 10.5 4.67 694 488 9 

10.3 4.65 694 488 11 
5.56 4.34 694 500 2 
7.1 694 442 12 
6.6 1060 633 12 
6.9 1060 530 12 
7.3 0.73 14 1064 488 14 
3 17 488 633 16 

Carbon 0.127 0.057 694 488 11 
tetrachloride 0.065 1060 530 12 

Chlorobenzene 1.76 30 1060 633 IS 
1.26 >8 1060 633 17 

Chloroform 0.24 0.138 10 694 488 5 
0.409 0.184 694 488 11 
0.35 1060 633 12 

a-Chloronaphthalene 6.76 3.04 694 488 11 

o-Chlorotoluene 2.46 1.42 20 694 488 6 

p-Chlorotoluene 2.24 1.29 20 694 488 6 

2,4,6-Collidine 2.69 1.55 20 694 488 6 

Cyclohexane 0.09 0.052 10 694 488 
0.095 0.067 5 694 488 
0.102:5 0.046 694 488 9 
0.1022 0.046 694 488 11 

Cyclohexanone 0.181 0.127 5 694 488 

Cyclooctanc 0.109 0.0765 5 694 488 

Decane 0.194 0.136 5 694 488 4 
0.206 0.106 10 1064 442 18 
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TABLE 1. Optical Kerr constants for pure liquids. (I:1Brel values are the authors' quoted uncertainties in 
Brei' )-Continued 

BoX 10- 14 I:1Brel A; Ap 
Pure liquid Brei V-2m (%) (nm) (nm) Reference 

1,9-Decadiene 0.374 0.192 5 1064 442 18 

I-Decanol 0.207 0.106 5 1064 442 18 

I-Decene U.323 U.loo :) '1064 442 113 

0.33 0.257 10 532 442 18 

I-Decyne 0.346 0.178 5 1064 442 18 

Deuterated water 0.057 0.029 5 1064 442 18 

Dibromobenzene 2.25 30 1060 633 15 

0-Dichlorobenzene 1.91 >8 1060 633 17 
2.:lo 1.48 20 694 488 6 
2.56 30 1060 633 15 

m-Dichlorobenzene 2.43 1.4 20 694 488 6 
2.43 30 694 488 15 

Dodecane 0.220 0.154 5 694 488 4 
0.233 0.120 5 1064 442 18 

1-Dodecanol 0.250 0.129 1064 442 18 

I-Dodecene 0.30 0.219 532 442 18 
0.28 0.179 5 1064 442 18 

l-Eicosene 0.367 0.189 5 1064 442 18 
Ethanol 0.100 0.051 5 1064 442 IS 

Formic Acid 0.482 0.248 10 1064 442 18 

Heptane 0.162 0.114 5 694 488 4 
0.149 0.077 5 1064 442 18 

Heptanoic acid 0.378 0.194 1064 442 18 

I-Heptanol 0.159 0.082 5 1064 442 18 

I-Heptene 0.332 0.171 10 1064 442 18 
0.36 0.283 5 532 442 18 

I-Heptyne 0.374 0.192 10 1064 442 18 

Hexadecane 0.288 0.202 5 694 488 4 

1-Hexadecene 0.391 0.201 1064 442 18 

1,5-Hexadiene 0.572 0.294 10 1064 442 IS 

Hexane 0.142 0.100 5 694 488 4 
0.136 0.070 5 1064 442 18 

Hexanoic acid 0.372 0.191 5 1064 442 18 

I-Hexano1 0.136 0.070 1064 442 18 

I-Hexene 0.287 0.148 10 1064 442 18 
0.31 0.242 5 532 442 18 

I-Hexyne 0.359 0.183 10 1064 442 18 

2,6-Lutidine 1.54 0.885 20 694 488 6 

3,4-Lutidine 1.83 1.05 20 694 488 6 

2,4-Lutidine 2.47 1.42 20 694 488 6 

Mesitylene '-6 694 442 12 
1.5 1060 633 12 

Methanol 0.065 0.034 5 1064 442 18 

Methyl cyanide 0.43 0.248 694 488 5 
(acetonitrile) 

Methyl cyclooctane 0.105 0.0737 5 694 488 7 

Methyl naphthalene 1.78 ,>8 1060 633 17 
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TABLE 1. Optical Kerr constants for pure liquids. (flBrel values are the authors' quoted uncertainties in 
Brei' )-Continued 

BoX 10- 14 flBrel Ai Ap 
Pure liquid Brei V- 2m (%) (nm) (nm) Reference 

Methylocyclohexane 0.11 0.063 10 694 488 

o-Nitroanisole 2.76 1.94 5 694 488 7 

3.3 1060 633 13 

Nitrobenzene 7.25 3.23 694 488 9 

4.71 3.67 694 500 2 

5.3 1060 633 12 

4.2 1060 633 13 

6.3 0.63 14 1064 488 14 
2.63 >8 1060 633 17 

4.75 2.44 10 1064 442 18 

0-Nitrotoluene 3.1 1.79 20 694 488 6 

m-Nitrotoluene 2.9 1.67 20 694 488 6 

p-Nitrotoluene 2.64 1.52** 20 694 488 6 

Nonane 0.183 0.128 5 694 488 4 
0.170 0.087 5 1064 442 18 

Nonanoic acid 0.395 0.203 5 1064 442 18 
0.295 0.233 5 532 442 18 

I-Nonanol 0.197 0.101 1064 442 18 

I-Nonene 0.333 0.171 5 1064 442 18 
0.37 0.292 5 532 442 18 

I-Nonyne 0.397 0.204 10 1064 442 18 
I-Octadecene 0.400 0.206 5 1064 442 18 

1,7 -Octadiene 0.542 0.279 1064 442 18 

Octane 0.173 0.121 694 488 4 
0.171 0.088 1064 442 18 

Octanoic acid 0.393 0.202 1064 442 18 

0.315 0.249 532 442 18 

1-0ctanol 0.178 0.092 1064 442 18 

1-0ctene 0.290 0.149 5 1064 442 18 

0.43 0.344 10 532 442 18 

1-0ctyne 0.392 0.201 1064 442 18 

Pentadecane 0.263 0.184 694 488 4 

Pentane 0.125 0.088 694 488 4 
0.13 0.075 10 694 488 5 
0.102 0.052 5 1064 442 18 

I-Pentanol 0.121 0.062 1064 442 18 

I-Pentene 0.332 0.171 1064 442 18 

?-ppntenp 037 0:213 10 694 488 

I-Pentyne 0.432 0.222 10 1064 442 18 

Phosyl chloride 0.226 20 1060 530 10 

a-Picoline 1.56 0.90 20 694 488 6 

/3-Picoline 1.79 1.02 20 694 488 6 

r-Picoline 2.08 1.20 20 694 488 6 

I-Propanol 0.101 0.052 1064 442 18 

Propionaldehyde 0.183 0.081 694 500 9 

Propionic acid 0.403 0.207 5 1064 442 18 

0.384 0.304 10 532 442 18 

Pyridine 1.38 0.795 20 694 488 6 

1.5 0.15 27 1064 488 14 
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TABLE 1. Optical Kerr constants for pure liquids. (I:::.Bre1 values are the authors' quoted uncertainties in 
B re1 • )-Continued 

Pure liquid Brei 

"l"etrachloroethylene 2.11 

Tetradecane 0.253 

1-Tetradecene 0.33 
0.39 

Toluene 1.32 
1.49 
2.33 

2.29 
1.3 
1.4 
1.4 
1.6 
1.25 

Tric.h loroethylene 2.4 

1,1,2-Trichloro-l,2,3- 0.25 
triftuoroethane 

I-Tridecene 0.32 

Undecane 0.208 
0.211 

l-lTnrleel'lnol 0.218 

l-Undecene 0.324 
0.30 

Vl'Ill"riel'leid 0.310 
0.380 

Water 0.053 
0.073 
0.071 
0.040 

o-Xylene 1.85 

m-Xylene 1./~ 

p-Xylene 1.72 

**At 6? or 

From Table 1, the results may be classified into two broad 
groups of "high" and "low" values. No apparent logic disso
ciates the results between these groupings. Like refractive 
index, i 3

) and hence Bo must exhibit wavelength dispersion 
effects. This is not only in the wavelength dependence of the 
measured birefringence, but also through the variable fre
quency of the electric vector in the inducing beam. For 1'(3) 

this has been discussed by Levenson and Bloembergen32 and 
Kuzyk ot al.33 For all reported values for benzene, probe 
beams in the blue/green spectral region have been used. 

It is noted that both of the most recently reported sets of 
values (Refs. 4 and 18) are in the "high" group for visible 
wavelength inducing beams. They also correspond to the 
most sophisticated experimental arrangements used to date. 
Furthermore when plotted as a wavelength dispersion curve, 
the three values of Bo fit on the curve shown in Fig. 1. The 
current authors' therefore suggest that, for blue/ green mea
suring light, the most reliable optical Kerr constants are as 
follow~ for the stated inducing beam wavelengths: 

J. Phys. Chem. Ref. Data, Vol. 21, No.1, 1992 

BoX 10- 14 I:::.Brel A; Ap 
V- 2m (%) (nm) (nm) Reference 

1.22 10 694 488 

0.177 694 488 4 

0.170 10 1064 442 18 
0.307 10 532 442 18 

0.796 10 694 488 5 
0.860 20 694 488 6 
1.04 694 500 9 
1.05 20 1060 530 10 
1.03 694 488 11 

694 442 12 
1060 633 12 
1060 633 13 

0.16 25 1064 488 14 
0.64 10 1064 442 18 

1.39 10 694 488 

1060 530 12 

0.252 15 532 442 18 

0.146 5 694 488 4 
0.108 10 1064 442 18 

0.112 1064 442 18 

0.167 10 1064 442 18 
0.239 10 532 442 18 

0.215 5 532 442 18 

0.195 5 1064 442 18 

0.037 9 694 488 8 
0.032 694 500 9 
0.032 694 488 11 
0.021 1064 442 18 

1.07 20 694 488 6 

1.03 20 694 488 6 

0.99 20 694 488 6 

10 

8 

E 6 

~ 
b 

4-.::-
m 

2 

0 
400 600 800 1000 1200 

Inducing wavelength (nrn) 

FIG. 1. The wavelength dispersion of Bo for benzene with inducing beam 
wavelength. Data tak.en fwm Ref;:;. 4 and 18. 
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Bo = 0.51 X 10- 14 
y-2 m at 1064 nm, 

Bo = 0.70X 10- 14 
y-2 m at 694 nm, 

Bo = 0.79X 10- 14 
y-2 m at 532 nm. 

4. Acknowledgments 
One of us (BRJ) thanks the Ministry of Defence for 

financial support to establish an apparatus and make OKE 
studies. NJH thanks the Science and Engineering Research 
Council for a studentship. 

5. References 

I A. D. Buckingham, Proc. Phys. Soc. London Sec. B 69, 344 ( 1956). 
zG. Mayer and F. Gires, C. R. Acad. Sci. Ser. B (Paris) 258,2039 (1964). 
3G. K. Wong and Y. R. Shen, Phys. Rev. Lett. 30,895 (1973). 
4Z. Blaszczak and P. Gauden, J. Chern. Soc. Faraday Trans. 2 8, 239 
(1988). 

5Z. Blaszczak, Acta Phys. Pol. A 71,601 (1987). 
6Z. Blaszczak, Acta Phys. Pol. A 68,629 (1985). 
7Z. Blaszczak and P. Gauden, SPIE Laser Tech. II 859, 146 (1987). 
liZ. BIaszczak and P. Gauden, Rev. Sci. Instrum. 58, 1949 (1987). 
9F. Gires, Ann. Radioelectr. 23, 281 (1968). 
lOB. Lacour and J. P. Pocholle, IEEE J. Quantum Electron. QE-8, 456 

(1972). 

II M. Paillette, C. R. Acad. Sci. 262, 264 (1966). 
12F. B. Martin and J. R. Lalanne, Phys. Rev. A 4,1275 (1971). 
13Z. Blaszczak, A. Dobek, and A. Patkowski, Acta Phys. Pol. A 44, 151 

(1973). 
14H. J. Coles and B. R. Jennings, Philos. Mag. 32, 1051 (1975). 
15Z. Blaszczak, Acta Phys. Pol. A 49, 515 (1976). 
"'A. D. Buckingham and J. H. WIlhams, J. Phys. E. Sci. lnstrum. ll, 790 

(1989). 
17J. F. Giuliani and J. Van Laak, J. Opt. Soc. Am. 66,372 (1976). 
'HN. J. Harrison and B. R. Jennings, to be published. 
19M. Paillette, C. R. Acad. Sci. (Paris) 266,920 (1968). 
20J. R. Lalanne and F. B. Martin, J. Colloid Interface Sci. 43, 213 (1973). 
21B. R. Jennings and H. J. Coles, Proc. R. Soc. London Ser. A 348, 525 

(1976). 
22H. J. Coles and B. R. Jennings, Biopolymers 14, 2567 (1975). 
23E. G. Hanson, Y. R. Shen, and G: K. L. Wong, Phys. Rev. A 14, 1281 

(1976). 
24p. W. Kolinsky and B. R. Jennings, Mol. Phys. 40, 979 (1980). 
25D. Ricard, Physica A 157, 301 (1989). 
26A. Peterlin and H. A. Stuart, Z. Phys. 112, 1 (1939). 
27y' R. Shen, The Principles of Non-Linear Optics (Wiley, New York, 

1984), p. 294. 
28R. W. Hellwarth, Prog. Quantum Electron. 5, 1 (1977). 
~9U. Tyson and):s. K. Jennings, J. Phys. D Appl. Phys. 24, 64:; (1991). 

30E. Fredericq and C. Houssier, Electric Dichroism and Electric Birefrin-
gence (Clarendon, Oxford, 1973). 

31B. Pouligny, E. Sein, and J. R. Lalanne, Phys. Rev. A 21,1528 (1980). 
32M. D. Levenson and N. Bloembergen, Phys. Rev. B 10, 447 (1974). 
33M. G. Kuzyk, R. A. Norwood, J. W. Wu, and A. F. Garito, J. Opt. Soc. 

Am. B 6, 154 (1989). 

J. Phys. Chern. Ref. Data, Vol. 21, No.1, 1992 




